Abstract. Based on the multi-agent model, we established a dynamic simulation market with three types of traders, and each trader can trade two assets at the same time. Then, depending on this simulation platform, we compared the differences between the institutional investors using the VWAP strategy and the equivalent-order strategy. The results show that the liquidation cost of the VWAP strategy is better than the one of the equivalent-order, and the price fluctuation under the VWAP strategy is relatively less than the one under the equivalent-order strategy.
Introduction
In the modern financial market, a large number of institutional investors need to carry out large orders transactions. However, large orders usually impact the price of the assets, so that it is often necessary to split large orders into small orders for execution, but this will require a certain amount of execution time, which will increase the time risk. The balance of the two aspects is the problem that the liquidation strategies need to solve. The purpose of the optimal liquidation strategy is to maximize the benefits or to minimize the cost of the liquidation.
There has been a lot of research on the optimal liquidation strategy. For example, Berkowitz, Logue and Noser proposed the volume weighted average price (VWAP), and came up with the traditional prediction model for historical average volume [1] . Konishi proposed a static VWAP strategy according to the relationship of volume and price fluctuation [2] . A market impact model was established by Almgren & Chriss and Almgren, which the optimal execution path of liquidation was proposed based on the instant market impact and permanent market impact, and the algorithm transaction of implementation shortfall (IS) was discussed [3, 4] . Obizhaeva & Wang put forward a model of linear elastic price impact and discussed the optimal execution strategy [5] .
However, the backtesting is a difficult problem for the optimal liquidation strategy. As the liquidation strategy itself will result in the changes of the asset price, the final result of the liquidation strategy can only be verified in the process of liquidation, which is obviously very unfavorable. Therefore, many efforts tried to establish a simulation trading system for analysis, and the multi-agent modeling is very popular currently. For example, Hu Daiping and Liu Bao designed the support system for stock market prediction, using multi-agent modeling technology [6] . Zhou Peiling, Yang Chunxia, Zhou Tao and Li Liwen set up a stock market model based on multi-agent under the microscopic structure of the securities market [7] . Meanwhile, foreign scholars also have tried in the field of multi-agent. For example, Westerhoff and Chiarella et al. showed that the complexity of price changing may appear in the multi-asset financial framework [8, 9] . He, X. and Y. Li established a market segmentation model, which contains the mechanism of the mean reversion and trend tracking analysis, resulting in the power law distribution of fluctuations [10] .
Based on the multi-agent model, we designed the simulated stock exchange market, which includes three types of traders, namely, the basic value traders, the mean-reverting traders and the random traders, that each one can trade two kinds of assets at the same time. Then we compare the differences between the institutional investors using the VWAP transaction strategy and the equivalent single strategy.
Multi-agent Simulation Trading Market Design Ideas and Basic Rules
Based on the multi-agent method and the mechanism of the real stock market transaction, we design a simulation stock market platform, which contains two kinds of assets: A stock and B stock. We compare the simulation results of two assets with the real stock market data, and determine whether the simulation data is consistent with the "leptokurtic and fat tail" of the rate of return, and the "U" distribution of the transaction volume and other statistical characteristics, which exist in the real stock market.
The simulation platform includes three types of traders: the first is the basic value trader, regarded as the institutional investor. They are small in quantity, possess a large size of the assets, and have the deep understanding of the stock market and a more clear estimation for the trend of each asset. The second is the mean-reverting trader, regarded as the large investor. They, to some extent, are small in quantity, possess a large scale of assets, and have certain understanding of the stock market and execute order according to the moving average of historical stock price series. The third is random trader, regarded as the small and medium-sized retail investors. They are large in number, possess the small size of the assets, and have little understanding of the stock market and place orders according to the current stock prices randomly.
Referring to the real stock exchange market, the trading mechanism of the simulation platform adopts the following principles:
a. The type of the market is a closed and directive-driven trading market. b. The transaction mechanism is the two-way auction and continuous auction matchmaking mechanism.
c. The transaction principle is price priority and time priority. d. The simulation platform includes two different stocks with a certain degree of correlation.
Characteristics of Simulation Trading Assets
We randomly selected the stock data of Huadian Power International (600027) for a total of data of 20 days from July 11 to 22 2017 as a reference, use the simulation platform to generate the same amount of stock data and compare the data statistical characteristics with the real stock data. After calculation, the correlation coefficient of the two stock price sequence generated is 0.725, and the data characteristics of the real stock are shown in Fig. 1 , and the price data of the simulation stock is shown in Fig. 2 : As can be seen from fig. 2 , the simulation price sequence given by the platform is similar to the real price sequence shown in fig. 1 , with obvious random walk characteristics. Then we further discuss the yield and transaction volume characteristics of the simulated data. Figure 3 shows the rate of return of the two kinds of assets, and table 1 shows the distribution characteristics of the two asset returns. As shown in figure 3 and table 1, the skewness and kurtosis of the return distribution of the simulation data and real stock data are similar, which are obvious "leptokurtic and fat tail" characteristic. Figure 4 shows the variation characteristics of the two simulated asset volumes. As can be seen from figure 4 , the volume of the simulated data and real stock data is similar, which both show the characteristics of "U" distribution.
Comparison of Statistical Characteristics of Yield

Comparison of Statistical Characteristics of Transaction Volumes
Therefore, it can be seen that the simulation stock exchange platform designed can generate stock data similar to the real stock data statistics, and we can use the platform to compare the effects of different algorithmic trading strategies.
Comparison and Analysis of Two Types of Trading Strategies
According to the previous settings, we use the simulation platform to make simulation experiments. We assign the corresponding amounts of cash and stocks to different types of traders, as shown in the following table: Through the simulation platform, the liquidation institution use VWAP strategy and equivalent-order strategy to liquidate positions in one day under the same conditions. We get 5-minutes interval simulated stock data of 5 trading days each time, and 100 times of repetitive simulation experiments are conducted. Then we calculate the average liquidation cost of different liquidation strategies and the average market fluctuation during liquidation, as shown in table 3: The table 3 shows that in contrast to the equivalent-order strategy, the VWAP strategy can effectively reduce the liquidation cost while producing the same level of market impact. For this result, we make the significant test for the cost sequence under two strategies in 100 simulation experiments, and get the p-value of 1.01e-13, which indicates that there are significant differences in the liquidation cost under the two strategies, and the liquidation cost under the VWAP strategy is significantly less than the one of equivalent-order policy. At the same time, the price fluctuation under the VWAP strategy is relatively less than the one of the other strategy, which shows that we can use it to reduce market volatility. In addition, we calculated the average correlation coefficient of the price data of stock A and B under the equivalent-order strategy is 0.9908, and the average correlation data of the price data of stock A and B under the VWAP strategy is 0.9904, which reveals the significant correlation between the two asset prices.
Summary
Based on the multi-agent model, this paper establishes a dynamic simulation stock market platform including two stocks and three different types of traders. By comparing the simulated data with real stock data, we find that the simulation platform has the basic statistical characteristics similar to the real stock data, so it can be used to compare the actual liquidation process of the traders. To this end, we use this simulation platform to design that a liquidation institution use the VWAP strategy and the equivalent-order strategy respectively to liquidate the same number of shares from two assets. The results show that the VWAP strategy in the liquidation cost and market impact on the market is better than the equivalent-order strategy. At the same time, there is a high correlation between the two liquidation assets, which provides a new method and means for further study of the liquidation strategy of the portfolio.
